Trypanosoma cruzi is the causative parasite of Chagas' disease, while the closely related T rangeli is non-pathogenic in humans. Restriction fragment length polymorphisms (RFLPs) of a portion of the cysteine proteinase gene were used to distinguish T cruzi from T rangeli. This procedure was very sensitive, with a single cell of either species being sufficient for the PCR. The sensitivity and clear ability to distinguish between T cruzi and T. rangeli suggest that this procedure may be easily applied in the field.
Introduction
Trypanosoma cruzi is the causative parasite of Southern American trypanosomiasis or Chagas' disease, which is endemic in many parts of Central and South America1). Definitive diagnosis of T. cruzi infection is detection of the parasite in specimens from a suspected individual. While the parasite in the acute stage can be found easily in the blood by microscopy, it is difficult to detect it in the chronic stage. For chronic infection, xenodiagnosis may be used to detect the parasites, but this procedure requires the maintenance of uninfected triatomine and several weeks to detect the parasites. Moreover, epidemiological and diagnostic work on T cruzi is complicated by the presence of T rangeli, which is non-pathogenic to humans2). The morphological similarity between the two species, and the presence of morphological heterogeneity within each species, makes microscopic identification of parasites time-consuming and unreliable3). There are other methods for distinguishing T cruzi from T. rangeli; the selection of the protozoa by culture medium4), isoenzyme electrophoresis5), immunological methods using monoclonal antibody6), and molecular biological methods using DNA probes7), fingerprinting8) or the restriction enzyme digestion of the total DNA from the parasites9). The polymerase chain reaction (PCR) has been also used for detection and classification of small number of T cruzi cells10,11).
T cruzi has a major cysteine proteinase, which contains a central domain with high homology to papain and cathepsin L12). We determined the nucleotide and predicted amino acid sequences of the cysteine proteinase gene of T rangeli using consensus sequences of these enzymes to design primers for PCR13). In the present study I amplified partial cysteine proteinase genes conserved in T cruzi and T rangeli by PCR and digested species-specific sites with a range of restriction enzymes to differentiate between these parasites, and show that this PCR protocol may be applied to the field, where these parasites are coexist, based on its sensitivity, accuracy and specificity. PCR procedure. Since this method may be applied for the differential diagnosis of blood samples , PCR was also performed using 400 ng of total DNA extracted from a non-infected blood sample . No DNA fragment was amplified from whole blood by the primers used in this study (Fig . 3) . Differentiation between T. cruzi and T. rangeli by restriction fragment length polymorphism analysis . Amplified DNA was digested with EcoR V, Nar I and Pst I, based on the nucleotide sequences of the cysteine proteinase genes from T. cruzi and T . rangeli, and resolved by agarose gel electrophoresis. As predicted, all T. cruzi species DNA products were digested to 143 by and 226 by by EcoR V (Fig. 4A) , and to 40 by and 329 by by Nar I (Fig. 4B) . DNA fragments amplified from T . rangeli were not digested by EcoR V, but a very faint band was observed for Nar I-digested DNA derived from T rangeli. Increasing amounts of enzyme or template DNA did not affect the density of this band (data not shown), so the band was recognized not to be derived from a part of amplified DNA fragment. Pst I digested all of the PCR products from T . cruzi except for the Colombiana II and Es, III strains, but did not cut T. rangeli DNA (Fig. 4C) . The PCR product from T . rangeli was confirmed to be the cysteine proteinase by digestion with Pml I and Pro II, which gave the sizes predicted by the nucleotide sequence (Fig. 5) .
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Discussion
The differentiation of T. cruzi and T. rangeli is important, because the former causes Chagas' disease while the latter is harmless to humans, and both coincide geographically in several countries in Central and South America, and can be found in the same vectors and vertebrate hosts . In this the primers and the conditions used in this PCR procedure may circumvent the need for detection by Southern hybridization, and may be applied in the field. Leishmania mexicana, shows cross-reactivity with T. cruzi in serological tests, and was not used for comparison in this study. However, sequence analysis of the cysteine proteinase gene of L. pifanoi, a member of the L. mexicana complex, suggested that it would not bind the primers used in this study (Fig. 1)17) . The EcoR V site was present in all T cruzi species, but not in T. rangeli, making this a very effective means of distinguishing T cruzi from T. rangeli. Nar I digestion also distinguished T cruzi from T rangeli, as the sizes of the digested bands from amplified T cruzi DNA were apparently different from those from T. rangeli DNA. It was also demonstrated that there is a polymorphism in the cysteine proteinase gene in T. cruzi strains, because the DNA of some strains was not cut by Pst I. Two previous reports have used PCR to detect T cruzi-specific DNA, one of which used kinetoplast DNA (kDNA) as the target10), and the other used a clone of the T. cruzi major repeat elements, pTCR11). Both methods were high sensitive; the former detected from 10 oranisms in a 100 and the latter 8 organisms in 100 ,u1 of whole blood. Both of these target genes are multi copy genes; the kDNA is a catenated network consisting of 5,000 to 20,000 minicircles and 20-50 maxicircles, and 120,000 copies of the pTCR exist in a single parasite. The cysteine proteinase gene amplified by this PCR is from a multi gene family having a maximum of 200 copies in the genome12). I was able to effectively detect the cysteine proteinase gene fragment amplified from only one cell , since only 10% of PCR product amplified from 10 cells per 100 Ail of reaction tube was resolved by gel electrophoresis without hybridization. The use of kDNA primer may not be practical, because the 3 pairs of primers amplify additional artifact DNA fragments. Two primer pairs that target the overlapping minirepeat sequences also amplify kDNA from T rangeli, and similar sized DNA fragment from human blood. Therefore, an additional procedure of Southern blotting using an internal conserved probe is needed to differentiate T rangeli from T cruzi . The other primer pair amplifies adjacent variable region sequences, and also amplifies some DNAs from trypanosomatids , but not T rangeli DNA. The pTCR target has been applied clinically , and all patients showing direct parasitemia or that were positive in hemoculture were positive by PCR18). Cross-reactivity against Leishmania and African trypanosomatids has not been checked, nor have these primers been shown to distinguish T cruzi from T rangeli. In this study, RFLP analysis clearly distinguished T cruzi from T. rangeli with no cross-reactivity of the digestion , and this protocol is expected to be applied in the field for coincident T cruzi and T. rangeli infection.
